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^ S£ 3^ *13-*M ^ ^l^J£.el tflo]^-^- if-^t}. 

^84) £-7] ofl^ 7 m, #7] ^-71 oj]^. ^c]-O.S^-E^ ^ 2,^ ^ 2] 

3 A>-g-^l ^J7, ^-71 ofl^ s]i^ojl 7l«># § ofl^ ^ ^3}-* 3| ^ 

§71 ofl^ tiSLsL A>-g-^4. ZL 2-3] t ^71 <^X| ig-^Rr «-7l ^ 

#<y ^ 5Uzl, ;M-3S! CPUS] ^ ^« *fl-^ ^ 5W. 
£ 2 
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£-7] o<ll sl^jE.el* o] «-7l ofl^ 7 ] {BRANCH PREDICTOR USING BRANCH 
PREDICTION ACCURACY HISTORY} 

H 2^ -g- w>^-3j*V ^AH]ofl ^tb 2-5fl€ ^-71 <^1^7l^ ^-2:^- 

10, 15 : efl^liEi 20, 25 : sflU sl^SBl 

30 : ^1 1 2)5. 40 : v]M7] 

50 : ^1 2 fe^ $\S. 60 : ^^S. 3] o] ^ 

70 : ^El#a]^ 

<8> ^£ CPU^1 ^-71 ofl^7W 33 # o_g.^. 2-efl *i ^7} *\) 

^5]^ £-7) cfl^ 7] ^Sfl ^7] efl^ §l>iSBl» ol-g-^Kr 

7l ofl^H ^ ^°I4. 
<9> S£ ^(conditional branch)^, X ^1 ^ S^ 0 ] ^o]^ 
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^-7l^oi]^ ^Al^fl ^ ^(target address)^ ^<H# ^Sj-uL, 23°1 ^ll 
°i ^-7l§- cf^o} r$^o]Wr ^*^Rr ^^o]o) <^o]cf. #<H , ' 

^ A>Bol^^^^xS ^l^epsRr 23 ^71^0] ^-g- ^-f, n]-^ A7> 3. 
nf^ SS.ZL^ ^]<H *r^8: ^^<>1 XS. ^-7] S]-7ll € 3HjI, ^ A7> B^.^- £1*1 &4 

°1 3 *V 23 ^-71^, 23 ^7}^ t^e) ^<H» %^*}7] 3)n 23^1: 3^&Rr s\- 

^.S-sl-cf. o]^ t sj-ol^efo] (pipeline) "<H^ ^sfl tg^o}o} ^) 

(fetch)!- ^ esfl5] CPU(Central Processing UnitHH ^¥-§- t^a]?]^ ^ 

<io> CPlfe °1 a] ^-i- ^S}7] , 23 £-7l^# ^ 2^1 cfl 

^13 1^S>7l fl^ ^-71 1^71 (branch predictor )# ^>-§-tr^. 0^7] 

^"71 ^<H# ^ ^4" 23 ^7} 14^.71 *H oj^cq «_ 7 ] 

^ ^^-» *r-§-*r°} Sfl^ ^-71 2^ <*H^t}-. CPUtt 23 

3 a} ^ofl rt^i cf-g-o} 3)1^1^ ^ ^4, oM=2Kl^ 3*1 

(stall)* &«3 *r n^q-, ^>q= ^71 ofl^sl ^2f7> 1-^ ^-fCbranch 

prediction miss) <H|^, <>1*1 ^r^ ^91 ^^<H^ 3^^: f^l *1 ?1 jl ^[^|^ 

«y cf-§- ^^^» <r^*fl 0 > ^ lr°l^ (miss penalty)^ 

<n> o]^^- ^-71 ^3fl#(miss ratio)^ #^7l $1*11 tj-^ ^7l ofl* 7 ] 
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7lfe 2-sfllS ^-71 <m^7K 2- level branch predictor)^ . Intel*} 2 ! P6 ^ 
7^^t}7) 2-3113 ^-71 ofl* <£:HB]^ ^HMrSI 1 }. Tse-Yu Yeh^ 

Yale Patt^l £}*fl <>1 2-3lt €-71 efl* °^Jl^#^r 

<12> £ i^- 2-efl't ^-71 ^]#7l^ ii^^7l ^ £^°14- o] 

Linley Gwennap°fl £)*fl 1995\i 3€ 27^, MICROPROCESSOR REPORTS 17-21 *IH*H1 ^3. 
€ 'New Algorithm Improves Branch Prediction'^ £2-1- <^5. €- 33 °}^. 5. 1^- 

^-S^, A J"7] 2-311^ ^-71 <^l#7l^ 3711 *1^£&1 ell *1 ^(Branch History 

Register ; BHR)(10)^- i^H ^(Pattern History Table ; PHT)(20)5. ^ 

<13> ^-71 2flx]^(10)^ k 7fl^ 6\# £-7] ^igo^ ^ 3*9 m^J- 

# *J#Sr^ 5)1*1 ^5.^, ^-71 511^] iBl oil T^r ^ 3*9 ^^"7> 

Zl^Jl ^-7] efl^eHl 'O'^ M 3*9 ^3f 7 > '7] 31*^1 ^ M- 

(pat tern) ^1 5} ^^f. 

<14> ^ fliSE] Eflo-|^-(20)^r, #7l<4 ^ z]-z]-^ ^^ofl n^-eH rf^-ofl ^ 

« 7i ^RrEil A>-g-^4. Aj-71 2-511^ ^-7) ^7^ <?J ^ ^ 1 111010'^ 

^-g-^m sflii ^l^ssl «ls(Sc) 'HH 3^9 ^s)-(i(Sc))« 

°1 ^ 2^ 3*3 ^(KSc))^ 3-71 
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4-8-^ sfl*l7 r ol-f-o^Tfl ^cj.. Linley Gwennapofl SJt!: #7l ^2:*>^, 

°] 2-efl^i -g-7] ^ 7 }s] ofl^ ^ %q ^4(KSc))^ 4€ «l^(Sc)2l 3)^ 

3 Hi 3= (most significant bit ; MSB)<H] ^«fl 
<15> <^1# «-7l ^^o] ^ 3.3 ^ A > Rc&)- ^ nfl, *) fto) of|* ^ % 

q ^(KSc))^ cf» ^-f <>1# -&71 <^ ^sfl (predict ion miss)5^ tr^-. ^-f, 

^■71 ofl# 2^ 44(KSC)H1 £}*fl ^-7] ol^ofl 5^ ^ #o] xgig 

<16> ol<4 «_ 7 | xg^o) ^ S ^ ^(Rc)^ ^Sfl ^"71 Ji^l *1^S.S} efl 

^1^(10)^ Aj. 7l jzfl^ trl^mel ^61^.(20)^1 *1#5q<H &Ur sflU 

<17> #7] ^-7] ^^2] ^afl ^ ^2l-(R C )7> J±$*l S^SSl Zfl*l^i&|(10) 

T^S)^ uj-t^^ W]M#^r 4} (shift) *}7)} &t±. o)6]) tx)-^ gfltg- sfl^^ ^ # 

b)M1;(20)°)1 4€ «im(Sc)£ ^71 s£ 3 

^^(Rc) #4) ^ ^3L£ ^iLS «>?|7fl <^]# ^o] t ^) ^ ^A> 

(Rc)7> M-bWI^ -l'ol^ ^-71 sim ^l^Sel W}E( Sc )^ T ^ ^7>S)JL, 

^^(Rc)7> '71 ^ M-Bl-xfl^ '0^m #7] Sim -&l^£ti| ti]E( Sc )ol # 

-8r T 

<!»> 1981\i 5-1, J. Smith°fl 8th International Symposium on Computer 

Architecture, 135-148^°fl i£g.& 'A Study of Branch Prediction Strategies' 0 !] 
*W -*7l «HH ojo^ aj)^ *l>i£e) ^loH-(20)^l 
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91^ n& tilm(Sc)^ <3/i=r£ 4^3H*g 7 r £3 (up/down 

saturating counter H ^«fl ^€ &i=t. °1 ^3H*g -SM ^ 

3 wlM(Sc) ^ ^ ^ s^i ^4(Rc)7> 'T^'C^, , 0') < ?} ^7} ^ 

^ #7) sflU i^s^ tilli(Sc) 3M: & -fr^H^Ji, ^7} n 

<H *li£Bl alE( Sc ) &o) sjtfl nfl ^^1 ^ ^4(Rc)7> '#'(^, T) xl 

7} ^"71 2flEi §l^ S 5l WlM(Sc) 3)*fi & ^ItflJL -fr*l*l^ ^fe 

<19> £.7] ofl^Hl Lflt!: ^^£7> 7fl>Jd€ ^ £-71 ofl* <g:JL^### A}-g- 

£-7] afl-if- ^^ 7 > 3^1^ *J|?r*l, -gr^Ml S= ^^3.-^ ^ ^^^^-o] 

^ ^ 3j-o]^ol ^6)]*) ^-TjlS. ^^E)^ -£-^17} tHS^r}-. 

<20> °1 «fl^^>7l ^tr y o v< ^^-S^, Sharangpani et al.°fl ^Sfl 1999M 

l€ 12^ 41 U.S. Pat. No. 5,860,017, 'PROCESSOR AND METHOD FOR SPECULATIVELY 
EXECUTING INSTRUCTIONS FROM MULTIPLE INSTRUCTION STREAMS INDICATED BY A BRANCH 
INSTRUCTION' 9X^. Sharangpani et al.^r, ^7} ^-f^r l >| 31'^ 

^£ ^-f, Y^ ^ ^-f , ZLe)Ji «^ * *m 

°1 9X°1*] B^^(resource) ^#(conf 1 ict)S. 91 & ^ 7pg^ol 

o^e)-, *>H^H (hardware cost)7> ^ 

<2i> 14^, ^"71 ^ £7] ofl^ #<yo.^Ml ^cf s^o] ^ ^eg^; ^1 
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^ ^ 9X^, *>J=$lH 2ilf 7}x}±r £-7} «^1^7]7> Jl 

<22> S.^^ ^flWl; ^1^^; ^^l Xfl^ ?JjL3., 

CPU^ 2-511^ £-7l *)]^7H1 Si^H, ^ *}^H SilS. £: 

<23> y><2}- £, s.^ o. ^^ 7 ] *lx$<% ^16)] £-7l 

^7)^, &7] ^<H3 M ^JZJ-* ^]^>7l ^tb £-7] ^-71 £-71 

ofl^ ^J^L^-Ei d\}^ ^7} «-7l ofl^ S£ ^ #7] £-71 *$?$o] 

2} S^i Hl-SL^ tilJE Alif ^1*1-71 Hi J5171 , ^"71 ofl^ S? 1 

3^ £-71 ^l^SSl# 7^^>7l W SjiSBj #7] 

«1 jS AlS^l -S-^NH ^"71 Eflol^-ofl ^^"S. «l^Sel WlM# 

^S*>7l *l) 1 feej 33., #^1 33-5. ^li^el tilgofl o^^fl lH!=]fe ^ 

^£L ^ ^1^1 -§-#*H ^"71 £-71 ofl^ ^^S^-Bl ^-71 6fl# ^ 

£43" ^"71 ofl^ ^ ^jt}. - o]± ^q-s- £.7] <^1 # #^}7l 

<24> ^-7] £-71 <^ £-71 ^^^11- 51 S7i Tj^l;^ X\#f% 7 ] tt 

Jd^Al §l^SBl Sll^iBl, S7i TJ^ ifi^] tfl-g-Sq^. S ^ £ ^jz|. 
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#7l ^ S£ ^3j-6fl -g^SlM ^-71 sflU HlM» ^^9*>7l ^ afl 2 

feel SjS-l- S^tf . 

<25> (-gAlofl) 

<26> IgJ-^ofl 4^ ^ ^-g; ^"2:*>^ #Afl*l 

<27> Al^^j- «-7l <^7lfe, ^-7] cfl^ ^#o)l £oJ;j) 6fl^ S £ ^ 

3 3 A>-g-SV*l #JL, ^-7] ofl^ ^liSeJoll 7| ^ ^ 2:^ ^ 

^» 2)^ ^71 ^ &<L5L A>-g-^Cf. ^4, 2-31*3 ^-7] ^l^A] «H§^fe ^-71 ofl 
^ #<a ^ 913. , JL^^I CPU^l ^ *H^T ^ 

<28> £ 2fe -g*HH ^tt 2-31*1 ^7] «fl^7]fij ^-S.^: 

W £ 2» ^S*}^, #^^1 ^ 2-311S ^-71 ofl^7lfe ; o)^ «- 7 ] *§ 

^3f(I(Sc))# ^^>7] ^ «lS(Sc)# ^^>7l ^ 

3Hl-(25), nejji ^-7} ofl^ ^xn ^3f(i(Sc))2l ofl& *)^5L 

3# *i^>7l Jg^-s. tflo ]^-(60)^: 5.^1} . 41-71 ^s. S^SS} 31 

°ll:(60)£r nflSE) <H elM (memory array)S. 

<29> ^-71 3Xfl^ ^l^SSl E flol^-(25)^^- *M1 ^ ^(Rc)^ -g^*^ ^7) 3fl 

€ ^li£5l 3H#(25H1 sH€ *1^£3 tilE(Sc)» XI l feel 

5jS.(30)7> ^SjuL, #7l ^l^Mel Bflol^-(60)^lfe ^7l «lr^£el 31 6] 

1:(60H ^SfrS. *li££] «lM(Ac)» ^S^l fl^ 2 fee) 3s(50)7 r 
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<30> ^ «. 7] <^l^ 7 ]^ > # 7 ) 4^ tilM(Sc)^I 41 # 

S3 3^ ^4(KSc))sf ^-7) £-71 ^^o} ^ ^ $q c^km. 
«1 ^- ^^-s^-i wlja ^^^1-7) ^tt w| Ji7l(40)l- S^v^cii, O] B)JH A] 

Ji^r ^-7] 2 fee) 3}S.(50H1 «y ^s)<>| 3^5. ^liJ&e) «]S(Ac)» ^sJ-^cH >M-8- 

€^f. £ ^41 3^ ^71 41^3^, 2)^ £-71 4}^ Aj- 7 ] d)^ S3 

3^ ^(KSc))^ h>3^ 4]* s3 3**j ^ ^ o^ s>q-# -giajsH #^*>7l 

tt ^#91^(70)!: i^-tbcf. °1 ^^^M (70)31 ^aa Al^s.^, Aj- 7 ] 
Hi e (Ac) 41 3}isfl ^€ 4l<% ^ls(I(Ac))7> Al-g-^cf. 

<31> ^41 §-71 41^71^1 -^*Mr #3^^ tf^-Sf ^Cf. 

<32> JSL^*! ^lssel 31*1^(15)41 sfllH ^-§-s)Tr ^SMS} til 

M(Sc)4] 31 4l^r S3 3^1 ^4(I(Sc))7l- ^€^. °1 41 S3 3*3 ^4 
(KSc))^ *1 jiL7l (40)41 S3 3*$ ^^-(Rc)^l- Hl5I^[4. 

<33> #7] Aj^i ^ 3^ ^4(Rc)^ £-71 ^o^ S3 41 tfltb SE^ '3^'^ ^ 

^-41 ^ T BE^b 'O'-el ^ 7}xH, ol ^ofl nj-ej. tug*! «1S£^ 5)13^(15)31 & 
°1 7 «§^l€cl-. ^LelJi, ol 1131*1 «liS^ 211^1 SBl (15)^1 #4| nl-el- sflU *lS 

HlE(Sc)^l & 3=^ ^Als^c-fl, *fl 1 fesl 5)5.(30)7} hJ-3. ol 4^ Sj^sel Hi 

S(SC)S1 ti-jr 7$X\f>}±; S^-g. ^fVtf. Aj.7] 3] ! 3j3.(30)fe #7] ^ S3 

3*9 €^l-(Rc)7> '# , (^ ! T)^ 4) ^lSSSl HlE(Sc)Sl 'V ^ ^7H-JL, # 

3 ^*fl S3 3^ ^^(Rc)7> '3^'(^, 'O')^ *fl SHU ^l^SBl HlH( Sc )Sl ^ T n> 

# ^4i«fl^ ^/4^r ^l^sll 0 l^ ^€4. 
<34> ^-7] ^ ^3i).(I(Sc))^ ^€ ^lSSBl 3H!r(25)4l x-l^-sjol 01^ 3(1 
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€ si^SBj «1e(Sc)^ «1e(msb)<4| T £Efe 'O'-el &7] ofl^ #-§; 7>^cf 

. #71 ti] 5171 (40)^ ©1 ^ ^(Rc)^ <^1# 2l£ ?m ^4(I(Sc))7> a-]s 

«J*lSHr*l ¥ ^ ^(Rc, I(Sc))7> A-ls oj*]^. 3 o.ofl^ T 5l & 

neU ^ ^ ^4(Rc, I(Sc))7> ^jg. ^-f^ 'O'^l wis a] 

<35> ol<2j- v^*)} •!• 5E^r '0'9\ 7}^^ ti^E «> 0 ^s.oi 

2 fee) s]S(50)fe, °1 ti] 32. ti>%o.s. *H ^£ §l^Se) ^M-l-ceoH *1 

31 3-5- *l^S5l «lM(Ac)^ ^S^. °1 2 fesl S)S(50)fe <£/t\-§: -Ml 

^H*g ^i-^s. ^5)<h, ^ -#7i Hi iii ai^7> T^mc^, ^ ^ ^(rc, 

I(Sc))7> ^S. ^-Mfe) ^l^SSl tilE( Ac) ol ^ ! ^ 7 >^ 

^^*>Jl f ^ ^"71 tils A1S7> *0^1^(^ ( ^ ^*KRc, I(Sc))7> ^^1^1 

*li£5] tilE( A c)Sl 1 #iT5l-c*l ^^t)-. ©1 ^1^ 

SSl tilM(Ac)2l «J3 Al^> JE.^^ (monitoring)^ ^, *fl^ ^fl 1 ^ £- 7 l ofl^o] 

^ ^r£ 91^. 

<36> gdfl^ ^^tt ti}^ ^ <^^Sl JI}-^^ ^SjH ^7) ^l^SSl Bflol^-(60) 

tilH( Ac )o)l ol^flA-1 ^ofl Sit!; ^7] ofl*7lofl^ aj]^ ^Ol ^^-^1 a}*L 

<37> o^l=- s.ol ( y.^^1 Sl^ssl sllxl ^E-l(l5)oll *13He1 2fl€ '11...10 , ^l tfl-§-3fe *H 

^ ^l^sel HiM(Sc)7l- mrH nfl, o]6j| tfl-§-s)fe ^^-s ^l^sel tiim(Ac)^ 
tilE(MSB)^ 2l*fH ^ >ySL(I(Ac))7> ^^cl-. oj afl^ aIJl(KAc)) 
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^ ^47} cfl**} 7 l Jfl^b Al^ojcf. l-o^, ^-71 ^l^o] 

^JfrS. ^IJKKAc))^, €-7l efl* ^-71 ^(KSc)) 

Q M 3^ ^ ^ ^ ^>M-« #3*>7l ^tb ^^#^^-1(70)^ 

<38> ^^l ^tb €-71 ^1^71^, iJfl^ S^MS! WlE(ScH 

^ ?m ^J4-(I(Sc))^l ^tb ii^l ^^M: «>S ^*}*1 efl* S# 3^ 

^3z)-(i(Sc))^ M ^ij-(Rc)^ tils^l ^ §-7] o}]^ I^Jg. 

€-71 ofl^ ^Efl^ Aj-g-tb^-- ^ €"71 ofl^ t^SBH 7] ^ 

^ M ^ ^3)-^ AiUjofl i*)*^, €-71 ^l^Al ^*Kr €7l ofl^ ^4-1- 

^ SUa, cl^- JL^HSl CPU^l ^ *)l^-«- ^ 5M. o>qel-, ^- ^ 

°11 ^tb €"71 ^1^71^, €:7] cfl^7H «- 7 l o^ol ^ ^V7># afl^M ^ tb 

^l^Ssl 3H^-(60)2|- ^^#^^(70) ^7>tb ##tb 35.^ 

^4 ^ siss. €-71 *fl* §<a ^ 

<39> olAj-oflA-l, ^. ^6|1 4= ^S^l ^ ^ ^. 7l ^. ^ ^ £ ^ ^ 

*l*V£*m O]^ efl^. ^O] ^ofl £ ^3 7l#^ ^om-^1 & 

<40> ^-6. ^. uVTgofl o^^ f ^tb 5)^^ ^ *bH.$]H SilS €- 
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1] 

^<H^ ^ ^l#*>7l W ofl* 

^7] £-71 ofl^ ^.OigJ^ ofl^ ^71 £-71 ^Olo} 6j|^ ^ 3^ 
<#7) £-71 ^^^o^ ^ S ^ ^ WlStt tilS ^J2f ^*>7l ^1 It ^1^71^- 



^-71 ofla S £ ^ «-7l ofl^ ^l^S.511- ^^1-71 ^ ^^-i 

#71 als ^lli -g-^lH #7l 33-5. s^sel 3H-M-°fl zj^m. 33-5. ^lis 
El wl^» IHSSM $1*3: 1 ^e) sis.; zlhIji 

^•71 ^JE. ^liSel tilEo)] <2}*j) ^JfrS. ofl* ^SL^l -g-^A-1 # 7 J £ 

71 ^r#SLS.^Bl ^Slfe ^"71 ofl^ #7l ofl* ^ 3 

Afl ^ ol- S>u)-# £-71 ofl* &<LsL ^^}7] ^fV ^El#^U-l# 5Lf-*Kr 

^ £"7l efl* 33"5 ^l^Sell- ol-g-^T- £-71 <^7l. 

2] 

*0 1 *M 5a<H*i, 

^"71 £-71 ofl^ 

°l*l £-71 ^^l"^ 3E^ 7^*>7l ^tb «-3l*l ^l^SHl 31*1^ 
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^71 ^ ^A> ^ 3Zfl^ofl tfl-g-s]^ #7) ^ ^ ^xn ^s)-* ^^s>7l 

^■7) ^3*fl 3&3 ^a> ^jifo)i -g-^A-i -# 7 j sflsi ^i=e) ^^>7l ^ 

2 fe^ S^Rr ^-^^.5. *Hr ^7] ofl^ ^l^SelS- °l-g-^ 

71 ofl^7l. 

3] 

*)1 l 5a<>H, 

13 ^8" 4] 

*i| l ^°fl SWi, 

4 V 7l tilH7l^, afl^ S ^ ^Ajj Aj- 7 ) ^^)] S^i 3^ 1^7} 

fcs) alia Ajjr ^ zl^jl <Qx}*}x] fes] '0'^ aim ^^V^ 3# 

f^ 1 ^ SRr ^71 efl^ ^^-i §l^SSl# o) -g- 7 ] ^]^7l. 

5] 

*ii 1 ^1 5£<>H, 

I^t^ 6] 

*n 5 ^i sa°H, 
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3# ^8 JUS. ^7} ^Sj-JE oj-g-^- «7l <^1^7l. 

7] 

*)1 1 %H1 SU'H'H, 

#71 ^ -ilJ^b, #7] ^l^£e| «1M^1 ti]M^l ^ 

3^ ^"S: ^-^^ *m £-71 cfl^ -&li£Sl# ol-g-*V «-7l ^1^71. 

[3^8" 8] 

4 2 *3H sa°i^, 

#71 2 ^Hl ^/^ ^1^5flo]^ 9}^B\o] ^-g- ^SLS. i5}±r ofl 

^ ^SfrS. ^l^SSl# ol-g-^ £-71 <i^7l . 
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